L 73rd MORSS CD Cover Page o
UNCLASSIFIED DISCLOSURE FORM CD Presentation o "“C&B“mf’

C
21-23 June 2005, at US Military Academy, West Point, NY

Please complete this form 712CD as your cover page to your electronic
briefing submission to the MORSS CD. Do not fax to the MORS office.

Author Reguest (To be completed by applicant) - The following author(s) request authority to disclose the

following presentation in the MORSS Final Report, for inclusion on the MORSS CD and/or posting on the
MORS web site.

Name of Principal Author and all other author(s): Carolyn A. Kahn

Principal Author’s Organization and address: Phone: (312) 828-9196
The MITRE Corporation Fax: (312) 803-1920

202 Burlington Road Email: ckahn@mitre.org
Bedford, MA 01730-1420

Original title on 712 A/B: The Economic Importance of Adequate Aeronautical Telemetry Spectrum

Revised title:

Presented in (input and Bold one): WG-27

This presentation is believed to be:
MITRE UNCLASSIFIED AND APPROVED FOR PUBLIC RELEASE 1

© 2005 The MITRE Corporation. All rights reserved



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
23 JUN 2005 N/A -
4. TITLE AND SUBTITLE 5a CONTRACT NUMBER
The Economic | mportance of Adequate Aeronautical Telemetry £b. GRANT NUMBER
Spectrum
5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
5e. TASK NUMBER
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

The MITRE Corporation 202 Burlington Road Bedford, MA 01730-1420 | REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES
See also ADM 201946, Military Oper ations Resear ch Society Symposium (73rd) Held in West Point, NY on
21-23 June 2005. , The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE UU 19
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



The Economic Importance of Adequate
Aeronautical Telemetry Spectrum

73'Y MORS Symposiu
' West Point

Carolyn A. Kahn
MITRE Corporati

ckahn@mitre.org
312-828-9196

Bhato Coovriaht © Axal Mitter



Outline (0

Introduction

Context & scope

Overview of economic model
Methodology

Preliminary results

3

MITRE © 2005 The MITRE Corporation. All rights reserved



e
Introduction (0

The flight test community faces a telemetry spectrum crunch

Amount of spectrum now allocated for ATM is not sufficient to meet
needs and requirements have been steadily growing
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ATM spectrum is vital to both commercial and military flight testing

There are economic implications associated with the allocation of
spectrum for ATM

Economic considerations are important to the proposal currently
before the ITU

Agenda Item 1.5 of WRC 2007 calls for the allocation of
additional spectrum for wideband ATM in the 3-30 GHz band

MITRE ATM: Aeronautical Telemetry; MHz: Megzhertz; Kbps: Kilobits per second; ITU: © 2005 The MITRE Corporation. Al ights reserved
International Telecommunication Union; WRC: World Radio Conference; GHz: Gigzhertz



Context & Scope (((3

MITRE tasked to build a model to evaluate the economic
Importance of having adequate accessibility to ATM spectrum

MITRE team developed robust economic analysis
methodology to forecast future scenarios

Exercised conservatism in modeling costs
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Overview of Economic Model @orz
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MITRE team established probable future scenarios on a test

range over atwenty year period (2004-2024)

Current supply and estimated demand of ATM spectrum on

a range on an annual basis over 20 years
Calculated the resulting “gap”
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Overview of Economic Model ¢of2 (((3

Identified and estimated cost impacts of the Gap

Technology
Investments
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This insight substantiates the criticality of spectrum
augmentation
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Methodology — Demand & Supply (((3
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Demand is defined as requirements for ATM spectrum

Model applies well-accepted projections
Current ATM shortfall in spectrum-congested areais 17%"
Geographic reuse loss in spectrum-congested area is 8%*
ATM spectrum growth has and will continue to follow Moore’s

Law
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Step-wise growth estimates incorporate benefit of technology
Investments

© 2005 The MITRE Corporation. All rights reserved
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Model incorporates new (conservative) demand findings
Schedule overhead of 10%
Major test program requirements:
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Methodology - supply (= 8D (C
Supply is defined as spectrum that may be used for ATM

Current allocation of 215 MHz

Developed scenarios to evaluate potential spectrum
augmentation from WRC (0 to 650 MHz)

New technologies needed to access additional spectrum
Adopted over time by range and program managers
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@ Methodology — Technology Investment (((3

There are costs and potential benefits of investments in
technology research initiatives

Estimated annual investment costs for ARTM, Tier 1 & 2
technologies, iNet, use of very high frequency bands (e.g., 8
GHz), and other unforeseen, promising technologies
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Potential benefits (e.g., improved efficiencies) of these
Investments are incorporated within growth rates of
demand data
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@ Methodology — Cost of Delays

There are costs associated with unplanned test delays due
to insufficient ATM spectrum access

There are unplanned delays on atest range today
One large test delay per week costs $1M
Three small test delays per week cost $50K x 3 = $150K

Today, test delays due to insufficient ATM
spectrum access cost $60M per year!
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@ Methodology — Test Infrastructure (((3
Enhancements -

Examined cost to provide new or additional range
resources for flight testing in different geographic areas

Huge cost to programs and national economy
Issues remain:

Are there alternative ranges available far enough away from
existing ranges to allow for spectrum reuse?

Will legal, environmental, and political consent be given to
provide new range resources far enough away from existing
ranges accessing ATM spectrum to allow for spectrum reuse?

In the present environment, these are not realistic
options!

MITRE A™ Aeronautical Telemetry 14
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Model incorporates cost of inadequate testing

Lack of access to ATM spectrum leads to test point shedding
which leads to reduction in test quality

At some point, not testing results in catastrophes and fatalities
Based on specific cost of inadequate testing case

30 lives lost!*
GAO: in part due to inadequate test & evaluation**
To meet cost and schedule targets, actual testing conducted was less
then a third of that originally planned

$1.6B per incident!*

M'TRE ATM: Aeronautical Telemetry; B: Billion; *Calculation based on Research, Development, Test, and Evaluation data'®
in internal DoD document; *GAO, 20 February 2001, http://www.gao.gov/new.items/d01369F G VTRE Coreeration. Al ights reserved



Preliminary Results

Costs are significantly mitigated by:

Reducing testing delays (via spectrum augmentation
and/or test infrastructure enhancements)

Decreasing inadequate testing

Model does not incorporate the risk of depending on test
Infrastructure enhancements

Legal, environmental, political, and large upfront investment hurdles
may not be overcome

In present environment, not a realistic option

WRC spectrum augmentation of 650 MHz is only scenario in which
requirements are met

Our choices today will determine how we will flight test in the future
Will we be able to efficiently develop innovative aerospace products?
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Command, Control, Communications Center

Back-Up
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Scenario Definitions (((3

Scenarios Year Mitigated New Yearly Schedule Adoption Rate Spectrum
Requirements Year 2024 Range Accident Rate Overhead Augmentation
Are Met Gap Resources

Baseline Never 491 No 1.00 Yes Med 0

WRC 0 Never 31 Yes -2 0.50 Yes Med 0

WRC 60 Never 108 Yes 1 0.45 Yes Med 60

WRC 200 Never 146 No 0.35 Yes Med 200

WRC 650 2016 (159) No 0.00 Yes Med 650
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Cost Components

B as el ine Technology
Investment Costs
0.4%
Inadequate Testing
49.1% Cost of Testing

Delays
50.5%

WRC 60 Cost to Provide Technology

New Range Investment Costs

1.1%

Resources
Cost to Provide 6.3% Cost of Testing
Additional Range Delays
Resources 23.6%
0.2%

Inadequate Testing
68.8%

Dollar value of tech investment costs remain constant
Baseline: roughly equal split of remaining costs
In WRC cases:
Cost of testing delays: 15.1% to 50.5%
Cost of additional range resources: 0.1% to 0.3%
Cost of new range resources: 6.3% to 11.9%
Inadequate testing: 0% to 49.1%

MITRE

(((3

WR C O Cost to Provide

New Range Technology .
Resources Investment Costs Cost of Testing
Cost to Provide 11.9% 1.1% Delays
Additional Range 15.1%
Resources
0.1%
Inadequate Testing
71.8%
Cost to Provide Technology
- Investment Costs .
Additional Range 1.4% Cost of Testing
Resources . Delays
0.3% 34.2%
Inadequate Testing
64.1%
C Cost to Provide Technology
650 Additional mestmont
Range Costs
Resources 8.5%
1.5%

Inadequate c ” .
Testing ost of | Testing
0.0% Delays
90.0%
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